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ABSTRACT 
 
The wide ranges of extraction parameters used being identified from previous 
studies derives the need to find the best conditions to yield optimum extraction of total 
phenolic compounds from Cosmos caudatus.  The objective of this research is to determine 
the optimum extraction parameters, namely ultrasonic frequency (from 30 to 70 kHz), 
sample-to-solvent ratio (from 2 to 10 w/v %) and extraction time (from 30 to 300 minutes) 
of total phenolic compound from Cosmos caudatus. The experimental design was first 
generated from Response Surface Methodology by using Design Expert 7.1.6 with three 
independent variables, namely ultrasonic frequency, sample-to-solvent ratio (SSR) and 
extraction time. Results showed that the optimization of extracting total phenolic 
compounds (TPC) from Cosmos caudatus can be accomplished by employing ultrasonic 
frequency of 70 kHz, 2g dry sample/100mL ethanol and extraction time of 300 minutes 
with yield of 7.7395 mg GAE/g dw which is in close agreement with the predicted value 
(7.5359 mg GAE/g dw). Analysis of variance showed significant ultrasonic frequency and 
sample-to-solvent ratio, but insignificant extraction time. This might be partly due to 
phenolic oxidation during the extraction itself. Since previous and present studies suggests 
that the extraction of total phenolic compounds can be further optimized, upcoming studies 
need to be directed at varying the significant extraction parameters including the extraction 
temperature, types of solvent used and extraction methods. 
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ABSTRAK 
 
Julat faktor pengekstrakan yang luas telah digunakan dalam pelbagai kajian 
terdahulu menimbulkan keperluan untuk menentukan kondisi terbaik untuk menghasilkan 
pengekstrakan optimum kandungan keseluruhan fenol daripada ulam raja. Jadi, tujuan 
kajian ini adalah untuk menentukan nilai optimum bagi faktor pengekstrakan kandungan 
keseluruhan fenol daripada ulam raja iaitu frekuensi ultrasonic (30 hingga 70 kHz), nisbah 
sampel : pelarut (2 hingga 10 w/v%) dan tempoh pengekstrakan (30 hingga 300 minit). 
Corak eksperimen diperoleh terlebih dahulu daripada simulasi Response Surface 
Methodology menggunakan Design Expert versi 7.1.6 dengan tiga pembolehubah tidak 
bergantung, iaitu frekuensi ultrasonik, nisbah sampel : pelarut dan tempoh pengekstrakan. 
Keputusan yang diperolehi menunjukkan pengoptimuman mengekstrak kandungan 
keseluruhan fenol daripada ulam raja boleh dicapai menggunakan frekuensi ultrasonik 
70kHz, nisbah 2 g sampel kering dalam 100mL etanol dan tempoh pengekstrakan selama 
300 minit yang menghasilkan 7.7395 mg GAE/g dw dan didapati hampir kepada nilai yang 
dijangka (7.5359 mg GAE/g dw). Analisis varians menunjukkan frekuensi ultrasonik dan 
nisbah sampel : pelarut sebagai signifikan manakala tempoh pengekstrakan adalah tidak 
signifikan. Ini mungkin disebabkan pengoksidaan fenol ketika pengekstrakan itu sendiri. 
Memandangkan kajian terdahulu dan kini mencadangkan bahawa pengekstrakan 
kandungan keseluruhan fenol boleh terus dioptimumkan, kajian pada masa akan datang 
harus difokuskan untuk mempelbagaikan faktor pengekstrakan yang penting seperti suhu 
pengekstrakan, jenis pelarut yang digunakan dan teknik pengekstrakan. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 RESEARCH BACKGROUND 
 
Cosmos caudatus (ulam raja) is an annual, short-lived, perennial, aromatic herb 
found to be containing extremely high antioxidant capacity (Shui et al., 2005). Cosmos 
caudatus originated from tropical Central America and is now widespread in almost all 
tropical regions. Its young leaves are often eaten raw with chilli or coconut paste and are 
used in dishes such as kerabu. They are also used as an appetiser and food flavouring due to 
their unique taste and aroma. Several bioactive components in ulam raja have been 
reported. For instance, Ragasa et al. have reported several antimutagen and antifungal 
compounds from ulam raja, e.g. cotunolide, stigmasterol, lutein and 4,4′-bipyridine; 
Zanariah et al. have reported protein and amino acid compositions of ulam raja. 
 
Total phenolic compounds (TPC) are common dietary phytochemicals found 
in fruits, vegetables and grains. Most of the beneficial characteristics of phenolic 
compounds have been ascribed to their antioxidant activity which is a fundamental property 
important to life (Rice-Evans et al., 1997). Among the phytochemicals, phenolic 
compounds are reputed to be the main contributor of antioxidant activity in plant extracts 
due to their higher value in total content (Hodzic et al., 2009), interaction and redox 
property of an individual or combination of their diverse chemical structures with assay 
used (Teixeira et al., 2005) and their synergistic effectiveness as hydrogen donors, reducing 
agents and free radical scavengers (Vattem et al., 2005; Zhou et al., 2009). 
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Figure 1.1: Cosmos caudatus 
 
Phenolics are phytochemicals extensively distributed among plants that have been 
receiving great deal of attention for their functionality. Although chemicals are commonly 
employed to isolate phenolics, the use of physical treatments such as sonication is still 
limited. Study done by Department of Food Science, University of Arkansas was conducted 
to optimize a procedure to isolate phenolics from rice bran using sonication as a 
preextraction treatment. Sonication was optimized by varying output, time, and 
temperature. Extraction was optimized by varying solvent, extraction time, temperature, 
and sample-to-solvent ratio (Onofre and Hettiarachchy, 2007). 
 
Sonication has numerous effects, both chemical and physical. The chemical effect 
of ultrasound, i.e., sonochemistry is concerned with understanding the effect of sonic waves 
on chemical systems. The chemical effects of ultrasound do not come from a direct 
interaction with molecular species. Studies have shown that no direct coupling of the 
acoustic field with chemical species on a molecular level can account 
for sonochemistry or sonoluminescence. Instead, sonochemistry arises from acoustic 
cavitation: the formation, growth, and implosive collapse of bubbles in a liquid. As liquids 
cannot flow as fast as crystals oscillate, during the contraction small vacuum cavities are 
formed.  When the crystals expand, the cavities rapidly implode and create microscopic 
shock waves.  This process, known as cavitation, is extremely powerful when the collective 
energy of all the imploding cavities is combined.  The cavities are formed and collapse in 
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microseconds which releases tremendous energy within the liquid (Suslick and Flannigan, 
2008). 
 
 
 
Figure 1.2: Sonication bath 
 
1.2 PROBLEM STATEMENT 
 
There have been a number of researches on the extraction of total phenolic 
compounds, from various plants such as Murraya koenigii, Citrus hysrix and Pandanus 
odurus as well as Cosmos caudatus. Unlimited to this only, extraction of numerous 
compounds from Cosmos caudatus such as flavanoid, polyphenols, polypropane and total 
phenolic compounds too have been extensively carried out. Thus, the wide ranges of 
extraction parameters used being identified, derives the need to find the best conditions to 
yield optimum extraction of total phenolic compounds from Cosmos caudatus. Therefore, 
this study was conducted to determine the optimum value of ultrasonic frequency, sample-
to-solvent ratio and extraction time based on the minimum and maximum limits obtained 
from the previous studies. 
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1.3 RESEARCH OBJECTIVE 
 
The objective of this research is to determine the optimum extraction parameters 
(ultrasonic frequency, sample-to-solvent ratio and extraction time) of total phenolic 
compound from Cosmos caudatus. 
 
1.4 SCOPE OF STUDY 
 
There are three scopes of this research which are; 
 
1.3.1. Determining the linear effect of extraction parameters on total phenolic compound 
yield from Cosmos caudatus extract. 
1.3.2. Determining the interaction effect between the extraction parameters on total 
phenolic compound yield from Cosmos caudatus extract. 
1.3.3. Determining the optimum extraction parameters on total phenolic compound yield 
from Cosmos caudatus extract. 
 
1.5 SIGNIFICANCE OF STUDY 
 
Identifying the optimum extraction parameters for total phenolic compounds from 
Cosmos caudatus would definitely be beneficial in the large-scale industries in terms of 
saving on the operational cost and time. Furthermore, the extraction and purification of 
phytochemicals from natural sources is needed, since these bioactives are often used in the 
preparation of dietary supplements, nutraceuticals, functional food ingredients, food 
additives, pharmaceutical and cosmetic products (Gao and Mazza, 1996). High content of 
antioxidants contained in ulam raja could be partly responsible for its ability to reduce 
oxidative stress. This is in addition to the major role played by Cosmos caudatus as a 
natural supplement which is undeniably much better than chemicals as they could go a long 
way ahead of pharmaceutical medications in enhancing health and vitality.  
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 TOTAL PHENOLIC COMPOUNDS 
 
Phenolics, which are widely distributed in plant kingdom, appear to have desirable 
medicinal properties and play a major role in both plant and animal health. Some have been 
reported to be antitumor agents and to exhibit antiviral and antimicrobial activities, 
hypotensive effects and antioxidant properties. These compounds, either as isolates or in 
conjunction with other compounds, may be used for various health benefits (P Jamal et al., 
2010). 
 
Antioxidant treatments are thought to offset radical damage to biomolecules, 
thereby slowing or delaying the onset of the diseases by preventing oxidative stress. 
Phenolic compounds, as major natural antioxidants of many fruits and vegetables, are 
currently the focus of nutritional and therapeutic interest. Foods and beverages rich in 
phenolic compounds have been associated with decreased risk of age-related diseases in 
some epidemiologic studies (Shui et al., 2005). 
 
C. caudatus is believed to promote the formation of healthy bones and is said to be 
useful in ‘cleansing the blood’ (Burkill, 1966; Ismail, 2000). The methanol extracts of C. 
caudatus have been reported to show moderate antioxidant activity when tested using the 
xanthine–xanthine oxidase enzymatic assay (Norhanom et al., 1999). Recently, 
antioxidative and radical-scavenging activities of compounds isolated from this plant have 
been reported (Abas et al., 2003). 
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Plant phenolics are commonly found in both edible and non-edible plants, and have 
been reported to have multiple biological effects, including antioxidant activity. The 
antioxidant activity of phenolics is mainly due to their redox properties, which allow them 
to act as reducing agents, hydrogen donators, and singlet oxygen quenchers. In addition, 
they have a metal chelation potential (Rice-Evans et al., 1995). The phenolic compounds 
are increasingly of interest in the food industry because they retard oxidative degradation of 
lipids and thereby improve the quality and nutritional value of food (Kähkönen et al., 
1999). The importance of natural phenolic compounds from plants materials is also raising 
interest among scientists, food manufacturers, and consumers due to functional food with 
specific health effects (Löliger, 1991). 
 
 Phenolics are carbon-based compounds present in many plants. They are of general 
interest because of their wide ranging ecological effects from the organism to ecosystem 
level (Appel, 1993). They are perhaps most noted for their ability to bind proteins in vitro, 
forming soluble and insoluble complexes (Goldstein and Swain, 1965; Feeny, 1976; 
Hagerman and Butler, 1980; Mc Manus et al., 1981; Hagerman and Klucher, 1986; 
Hagerman and Robbins, 1987). These phenolic-protein interactions are thought to be, 
inpart, responsible for the putative function of phenolics as plant defense compounds 
(Feeny, 1976; Rhoades and Cates, 1976; Coley, 1983; Mole and Waterman, 1987). 
 
Research done by Arbianti et al. (2007) showed that phenolic compounds and most 
other reported bioactive compounds are generally more soluble in polar solvents and the 
presence of phenolic compound in extract determined that the presence of antioxidant 
compound. Antioxidant activity of an extract from plants can be related with its phenolic 
content. The majority of the antioxidant activity of fruits and vegetables may be from 
phenolic compounds rather than vitamin C and E, or ß-carotene since some phenolic 
compounds have much stronger antioxidant activities against peroxyl radicals. Phenolic 
compounds had reported to possess antioxidant activity that allows them to scavenge both 
active oxygen species and electrophiles, to inhibit nitrosation and to chelate metal ions, to 
have the potential for auto-oxidation and the capability to modulate certain cellular enzyme 
activities. 
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Several studies had been conducted to evaluate the correlation between phenolic 
compounds and antioxidant activity. The antioxidative properties of some vegetables and 
fruits are partly due to the low molecular weight phenolic compounds, which are known to 
be potent as antioxidants (Wang et al., 1999). 
 
2.2 EXTRACTION PARAMETERS 
 
Numerous studies have been conducted on the extraction of total phenolic 
compounds from various plant materials and extraction of several phytochemicals from 
Cosmos caudatus employing a very wide range of extraction parameters. Extraction of 
50mg dried Cosmos caudatus using 95 v/v% ethanol and centrifugation of 5 minutes yields 
1.52 mg gallic acid extract (GAE)/g fresh weight sample (Andarwulan et al.,2010). 
Meanwhile, Sulaiman et al. (2010) used 70v/v% methanol to extract 10g C.caudatus at 
27°C for 1 hour and 27.7 mg GAE/g dried weight sample was obtained. According to Abas 
et al. (2006), extracting 4mg dried C.caudatus leaves using 99.5% ethanol at 40°C would 
result in 0.23w/w% yield. On the other hand, Shui et al. (2005) stated that extracting 100g 
fresh C.caudatus using 50% ethanol at 80°C for 45 minutes would yield 12 mg GAE/ g fw. 
Using 80% methanol to extract 500g dried C.caudatus roots for 10 minutes at room 
temperature yields 73 mg GAE/mg dw (N. Fuzzati et al., 2000). 
 
According to Wong et al. (2006), extracting 0.5g dried C.caudatus leaves using 
25mL deionised water at room temperature for 1 hour with occasional agitation will 
produce the highest antioxidant capacity. Huda-Faujan et al. (2007) soaked samples with 
methanol for seven days, where methanol was later completely removed by vacuum 
evaporator at 50°C yielding 18.83 mg TAE/100g fw. On the other hand, Sukrasno et al. 
(2011) stated that extracting 1g dried C.caudatus with 70% methanol at 60°C yielded 11.4 
mg/g. Meanwhile, extracting 1g dried C.caudatus using 10mL ethanol for 24 hours with 
50rpm agitation speed yields 4480 mg GAE/L (P. Jamal et al., 2010). 
 
Accumulating evidence has suggested that the recovery, yield and type of 
polyphenolics in an extract are influenced by the type and polarity of extracting solvents, 
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time and temperature of extractions as well as physical characteristic of the samples (Naczk 
and Shahidi, 2006). The selection of solvent systems for this study was made on the basis 
of their reported efficiency in extracting polyphenols and other antioxidant compounds 
from fresh sample matrix (Luthria et al., 2006; Sun et al., 2007; Alothman et al., 2009). 
The details on the extraction parameters are summarized in Table 2.1. 
 
Table 2.1: Various extraction parameters on different plant extracts 
 
Authors Research Findings 
Chukwumah et al., 
2009 
Extraction of selected isoﬂavones 
and trans-resveratrol from peanuts 
(Arachis hypogaea) 
Ultrasonication  extraction 
depends on frequency, duration 
of sonication, and the 
combination of both the 
frequency and duration (time) of 
sonication.  
Melecchi et al., 
2006 
Optimization of the sonication 
extraction method of Hibiscus 
tiliaceus L. ﬂowers 
The most inﬂuential parameters 
are solvent polarity and 
extraction time. 
Arbianti et al., 
2007 
Comparison of antioxidant 
activity and total phenolic content 
of Dillenia indica leaves extracts 
obtained using various techniques 
The total phenolic content of 
extracts affected by the 
extraction method and operating 
conditions performed. High 
pressure extraction method with 
circulation produces extracts that 
have total phenolic content 
higher than sonication and 
soxhlet extraction method. 
Fuzzati et al., 1994 Phenylpropane derivatives from 
roots of Cosmos caudatus 
Although phenylpropane 
derivatives are well known 
antifungal compounds, activity 
against C. albicans suggests that 
the epoxy moiety is an important 
structural element. On the 
contrary, for activity against C. 
cucumerinum it is not possible to 
make any comment on structure-
activity relationships. 
Naczk and 
Shahidi, 2006 
Solvent extraction systems to 
procure antioxidants from oilseed 
Yield of polyphenols depend on 
type and polarity of extracting 
solvents, time and temperature of 
extractions 
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 Total phenolic content of an extract can be evaluated with spectrophotometer 
method using Folin-Ciocalteu reagent. The principle of this method is reduction ability of 
phenol functional group. Oxidation and reduction reaction of phenolat ion takes place at 
base condition. The reduction of fosfotungstat-fosfomolibdenum complex (Folin-Ciocalteu 
reagent) by phenolat ion will change its color to be blue. The reduction of complex will 
increase when the extract contain more phenolic compounds. Thus, the color will be darker 
and the absorbance will be higher (Arbianti et al., 2007). 
 
2.3 SONICATION 
 
 Plant derived phytochemicals have been the focus of recent research due to their 
health promoting effects. Previous studies to estimate the levels of these bioactive 
compounds made use of traditional solvent extraction procedures such as homogenization 
and soxhlet (reflux) methods. Recently, the ultrasonication technique has been shown to be 
an efficient non-thermal extraction method (Chukwumah et al., 2009). 
 
Ultrasonication involves the use shear force created by the implosion of cavitation 
bubbles of ultrasonic waves (sound waves in the kHz range) to alter material properties 
thereby further disrupting plant tissues and facilitating extraction. It however requires a 
medium such as water for radiation of the sound waves. Its improvement on extraction 
efﬁciency is as a result of the enhancement of cell disruption, solvent penetration and mass 
transfer (Chukwumah et al., 2009). 
 
In the research done by Arbianti et al. (2007), sonication method was applied by 
mixing two grams of Dillenia indica leaves powder with ethanol as the solvent and 
extracted using sonication (room temperature, 42 kHz, 50 minutes). The parameters that 
varied in this method are solution concentration followed by extraction time variation. The 
optimum condition to obtain extract with highest antioxidant activity using sonication 
method is at concentration 2/100 with extraction time 50 minutes. Meanwhile, total 
phenolic content of extract with highest antioxidant activity from each variation was 
determined using Folin-Ciocalteu reagent. Gallic acid was used as standard. Sample was 
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diluted in ethanol (200 ppm). Standard solution was made with concentration 5, 10, 15, 20, 
40, 60, 80, 100, 125 and 150 ppm. Each solution was pipette 1 ml and putted into flask. 
Each solution was added 9 ml aquades and 1 ml Folin-Ciocalteu. After 5 min, each mixture 
was added 10 ml Na2CO3 (7%) and was diluted with aquades until 25 ml. After 90 min, 
absorbance was read at 750 nm. Results were expressed as gallic acid equivalents (mg 
GAE/L). 
 
2.4 RESPONSE SURFACE METHODOLGY 
 
 Response surface methodology (RSM) is a collection of mathematical and statistical 
techniques for empirical model building. By careful design of experiments, the objective is 
to optimize a response (output variable) which is influenced by several independent 
variables (input variables).  An experiment is a series of tests, called runs,  in  which  
changes  are  made  in  the  input  variables  in order  to  identify  the reasons for changes in 
the output response. The application of RSM to design optimization is aimed at reducing 
the cost of expensive analysis methods (e.g. finite element method or CFD analysis) and 
their associated numerical noise.  The problem can be approximated with smooth functions 
that improve the convergence of the optimization process  because  they  reduce  the effects  
of  noise and  they  allow  for  the  use  of derivative-based  algorithms (Van Keulen et al., 
2000). 
 
Taking the combined interactions among various physical and chemical parameters 
into consideration, RSM presented a methodology for the construction of responses using 
both function values and derivatives on a weighted least-squares formulation. For example, 
the statistical response surface methodology (RSM) is a useful model for simultaneously 
studying the effect of several factors influencing the process of enzyme production. This 
also reduces the number of experiments required in growth medium optimization. Use of 
factorial designs and regression analyses for generating empirical models makes RSM a 
good statistical tool. To analyze the effect of various factors in better way, a number of 
statistical approaches with response surface methodology are attempted for the optimization 
of enzyme production (Singh et al., 2011). 
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CHAPTER 3 
 
 
METHODOLOGY 
 
 
3.1 MATERIALS USED 
 
3.1.1 Plant materials 
 
 Cosmos caudatus (ulam raja) was purchased from local markets in Kuantan, 
Pahang. The edible portion of fresh samples were cleaned and washed under running tap 
water. The samples were dried in the oven at 60°C for 48 hours. Then, the samples were 
weighed and blended using dry blender before being stored at 4°C until further use (Huda-
Faujan et al., 2007). 
 
3.1.2 Chemicals 
 
 All chemicals and reagents used in this study were of analytical grade. 95% ethanol, 
Folin-Ciocalteu phenol reagent, gallic acid and anhydrous sodium carbonate (Na2CO3) 
were purchased from Sigma-Aldrich Chemicals (Sulaiman et al., 2011). 95% ethanol was 
used since it was found to be the most efficient solvent to extract total phenolic compounds 
from plant extracts (Andarwulan et al., 2010) with sample-to-solvent ratio based on 100mL 
ethanol. 
 
3.2 EXPERIMENTAL PROCEDURES 
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Figure 3.1: Experimental procedures 
 
3.2.1 Experimental design by Response Surface Methodology 
 
The upper and lower limits obtained from previous studies as shown in Table 3.1 
were used in Response Surface Methodology (three-variable Central Composite Design) 
using Design Expert 7.1.6 to determine the optimum values of each process variables. 
 
Table 3.1: Upper and lower limits of extraction parameters 
 
Parameters Lower limit Upper limit 
Ultrasonic frequency (kHz) 30 70 
Sample-to-solvent ratio (w/v %) 2 10 
Extraction time (min) 30 300 
 
3.2.2 Sample extraction and evaporation 
 
Employing modified method by Melecchi et al. (2005), the sonication bath was kept 
at constant temperature (25°C) during all the extraction processes and then evaporated to 
dryness under vacuum at 78°C using a rotary evaporator according to the simplified 
specifications outlined from previous step as shown in Table 3.2. 
Experimental design by RSM 
Sample extraction 
Evaporation 
TPC assay 
Statistical analysis 
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Table 3.2: Experimental design by Response Surface Methodology 
 
Sample 
Ultrasonic 
frequency (kHz) 
Sample-to-solvent 
ratio (w/v %) 
Extraction time 
(min) 
1 20 6.0 165 
2 30 10.0 30 
3 30 10.0 300 
4 30 2.0 30 
5 30 2.0 300 
6 70 10.0 30 
7 70 10.0 300 
8 70 2.0 30 
9 70 2.0 300 
10 80 6.0 165 
11 50 6.0 165 
12 50 6.0 165 
13 50 6.0 165 
14 50 6.0 165 
15 50 6.0 165 
16 50 6.0 165 
17 50 6.0 165 
18 50 6.0 165 
19 50 6.0 395 
20 50 13.0 165 
 
3.2.3 Total Phenolic Assay 
 
TPC of the extracts were measured using Folin-Ciocalteu method as described by 
Amin et al. (2004). All samples and readings were prepared and measured in triplicate. 
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Gallic acid was used as standard. 500 mg/L stock standard solution of gallic acid was 
prepared by dissolving 250 mg of dry gallic acid in 500 mL of extracting solvent. The stock 
solution was stored at 4°C. Working standards of between 100 and 500 mg/L were prepared 
by diluting the stock solution with distilled water. The extract was prepared at 
concentration of 1 mg/L. 100 mL of extract was transferred into a test tube and 0.75 mL of 
Folin-Ciocalteu reagent (previously diluted 10-fold with deionised water) was added and 
mixed. The mixture was allowed to stand at room temperature for 5 min. Then, 0.75 mL of 
6% (w/v) sodium carbonate was added to the mixture and mixed gently. After standing at 
room temperature for 90 min, the absorbance was read at 760 nm using UV/Vis 
spectrophotometer. The standard calibration curve of gallic acid (100–500 mg/L) was 
plotted (Almey et al., 2010). 
 
Total phenolic content was determined using Folin–ciocalteu reagent following the 
method of Singleton and Rossi (1965) with slight modification using gallic acid as a 
standard. Briefly, 1 ml of extract solution was added in a 100 ml volumetric flask that 
contained about 60 ml distilled water. Then, 5 ml of Folin–ciocalteu reagent was added and 
the content of the flask was thoroughly mixed. After 1-8 minutes, 15 ml Na2CO3 (20%) 
was added and the volume was made up to 100 ml using distilled water. The mixture was 
allowed to stand for 2 hours with intermittent shaking. The absorbance was measured at 
760 nm using a UV-Vis spectrophotometer. Total phenolic content was determined as mg 
of gallic acid equivalent (GAE) using an equation obtained from the standard tannic acid 
calibration graph (Huda-Faujan et al., 2007). 
 
3.2.4 Statistical analysis 
 
Optimal conditions for the extraction of phenolic compounds from Cosmos 
caudatus depending on ultrasonic frequency, sample-to-solvent ratio (SSR) and extraction 
time course were obtained using the predictive equations of Response Surface 
Methodology using Design Expert 7.1.6. The experimental and predicted values were 
compared in order to determine the validity of the model (Chandrika and Fereidon, 2004). 
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CHAPTER 4 
 
 
RESULTS AND DISCUSSION 
 
 
4.1 CALIBRATION CURVE 
 
In order to determine the concentration of total phenolic compound, a calibration 
curve was first generated using gallic acid as the standard, yielding a linear calibration 
curve with R-squared value of 0.987. 
.  
 
 
Figure 4.1: Gallic Acid Calibration Curve 
 
Figure 4.1 shows mean total phenolic compounds (TPC) of the Cosmos caudatus’ 
leave extracts measured using GAE (Equation 4.1) 
y = 925.15x + 3.0657       (Equation 4.1) 
where x = absorbance at 760nm and 
y = concentration of total phenolic compounds in mg per liter of the extract. 
y = 925.15x + 3.0657 
R² = 0.9873 
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4.2 EXTRACTION YIELD 
 
Table 4.1 lists the extraction parameters used for each run according to the 
experimental design by Response Surface Methodology, namely the ultrasonic frequency, 
sample to solvent ratio, extraction time and their respective concentration of total phenolic 
compounds yield. 
 
Table 4.1: Total phenolic compounds yield from Cosmos caudatus extract 
 
Trial no. Factors Response 
 
Ultrasonic 
frequency (kHz) 
Sample to solvent 
ratio (w/v %) 
Time (min) 
TPC yield 
(mg GAE/g dw) 
1 20 6.0 165 1.7162 
2 30 10.0 30 1.1037 
3 30 10.0 300 1.1964 
4 30 2.0 30 5.5650 
5 30 2.0 300 6.0163 
6 70 10 30 1.4924 
7 70 10 300 1.6682 
8 70 2.0 30 7.5081 
9 70 2.0 300 7.7395 
10 80 6.0 165 2.4257 
11 50 6.0 165 2.0710 
12 50 6.0 165 2.0671 
13 50 6.0 165 2.0594 
14 50 6.0 165 2.0681 
17 
 
15 50 6.0 165 2.0659 
16 50 6.0 165 2.0633 
17 50 6.0 165 2.0837 
18 50 6.0 165 2.0810 
19 50 6.0 395 3.0271 
20 50 13.0 165 1.0348 
 
4.3 MODEL FITTING FROM RSM 
 
 Total phenolic compounds yield from Cosmos caudatus extract obtained were 
evaluated using Response Surface Methodology. The independent and dependent variables 
were then fitted to the second-order model equation (Equation 4.2). 
 
y = 2.06 + 0.45 A – 2.74 B + 0.048 C – 0.35 AB – 0.017 AC –    (Equation 4.2) 
0.052 BC + 0.10 A
2
 + 1.34 B
2
 + 0.42 C
2
 
 
Table 4.2 shows the analysis of the R-squared values. On the other hand, evaluation 
of the goodness of fit and the results of analysis of variance were shown in Table 4.3. 
 
Table 4.2: R-squared values for TPC yield of Cosmos caudatus extract 
 
Std. Dev. 0.29 R-squared 0.9899 
Mean 2.85 Adj R-squared 0.9808 
C.V.% 10.07 Pred R-squared 0.8494 
PRESS 12.31 Adeq. precision 31.852 
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Table 4.3: ANOVA for TPC yield of Cosmos caudatus extract 
 
Source Sum of 
Squares 
df Mean 
Square 
F value p-value 
Prob>F 
 
Model 80.86 9 8.98 108.85 <0.0001 significant 
A-frequency 2.50 1 2.50 30.30 0.0003  
B-SSR 65.03 1 65.03 787.92 <0.0001  
C-time 0.020 1 0.020 0.24 0.6337  
AB 0.98 1 0.98 11.92 0.0062  
AC 2.339E-003 1 2.339E-003 0.028 0.8697  
BC 0.021 1 0.021 0.26 0.6213  
A
2
 0.10 1 0.10 1.23 0.2928  
B
2
 15.19 1 15.19 183.99 <0.0001  
C
2
 1.43 1 1.43 17.27 0.0020  
Residual 0.83 10 0.083    
Lack of fit 0.83 3 0.27 3882.54 <0.0001 significant 
Pure error 4.957E-004 7 7.082E-005    
Cor total 81.69 19     
 
The analyses of variance (ANOVA) were performed to determine the lack of fit and 
the significance of the linear, quadratic and interaction effects of the independent variables 
on the dependent variables. The Model F-value of 108.85 implies the model is significant. 
Values of ‘Prob > F’ less than 0.05 indicate model terms are significant. In this case A, B, 
AB, B
2
 and C
2
 are significant model terms. 
 
The lack of fit test is a measure of the failure of a model to represent data in the 
experimental domain at which points were not included in the regression (Varnalis et al., 
2004). The ‘Lack of Fit F-value’ of 3882.54 implies the Lack of Fit is significant. This 
situation is mainly contributed by the insignificance of  the parameter extraction time. 
Failure to identify the relation of the parameter to the extraction yield then cause this 
‘Lack-of-Fit’ to occur. 
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Meanwhile, coefficient of determination or r
2
 is the proportion of the variation in 
the response attributed to the model rather than to random error and was suggested that for 
good fit model, r
2
 should be at least 80%. The model ANOVA of regression model 
demonstrated that r
2
 is 0.9899, which means 98.99% variability in the response could be 
explained by this model. The ‘Pred R-Squared’ of 0.8494 is in reasonable agreement with 
the ‘Adj R-Squared’ of 0.9808 with the higher value of adjusted r2 indicates greater 
significance of the model (Singh et al., 2011). 
 
‘Adequate Precision’ measures the signal to noise ratio. A ratio greater than 4 is 
desirable. The ratio of 31.852 indicates an adequate signal. This model can be used to 
navigate the design space. On the other hand, a very low value of coefficient of variation 
(C.V. %) indicates better precision and reliability of the experiments executed (Singh et al., 
2011). 
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4.4 EFFECT OF EXTRACTION PARAMETERS ON TOTAL PHENOLIC 
COMPOUNDS YIELD FROM Cosmos caudatus 
 
4.4.1 Linear effect of extraction parameters on total phenolic compounds (TPC) yield 
from Cosmos caudatus 
 
 
  
Figure 4.2: Linear effect of ultrasonic frequency (kHz) on TPC yield from Cosmos 
caudatus (mg GAE/g dw) 
 
Common belief of a more vigorous mixing between the sample and solvent 
encourages better decomposition of compounds in the sample can be further proved by this 
finding. This can be reasonably justified with the direct correlation obtained from Figure 
4.2, as ultrasonication which involves the use of shear force created by the implosion of 
cavitation bubbles of ultrasonic waves to alter material properties, thereby further 
disrupting plant tissues and facilitating extraction, as proposed by Chukwumah et al. 
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(2009). Other advantages of this technique are its high reproducibility, the possibility of 
using a wide range of sample sizes and the low cost of the whole process (Melecchi et al., 
2006). 
 
 
 
Figure 4.3: Linear effect of sample-to-solvent ratio, SSR (w/v %) on TPC yield from 
Cosmos caudatus 
 
 On the other hand, previous studies suggest that the extraction of polyphenols from 
plant material can be inﬂuenced by the sample-to-solvent ratio (SSR). Naczk et al. (1992) 
found that changing the SSR from 1:5 to 1:10 increased the extraction of condensed tannins 
from commercial canola meals. The same can be said for the extraction of total phenolic 
compounds from Cosmos caudatus as depicted by Figure 4.3. Furthermore, the analysis of 
variance (ANOVA) results from Response Surface Methodolgy finds the parameter to be 
significant. This is in accordance to the study done by Herodez et al. (2003), who found 
that the percentage of extraction yields will increase with the particle size of sample, 
temperature extraction and the ratio of solvent and sample extraction. 
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Figure 4.4: Linear effect of extraction time (min) on TPC yield from Cosmos caudatus (mg 
GAE/g dw) 
 
 Moving on to the effect of extraction time on total phenolic compounds 
yield from Cosmos caudatus extract, Figure 4.4 shows that the extraction yield can be 
optimized unnecessarily on the higher level of time, yet longer duration of exposure to 
ethanol (solvent) is likely to result in a higher extraction yield of TPC from C.caudatus. 
This is corresponding to the efficiency of sonication bath used compared to the other 
traditional solvent extraction methods such as leaching, homogenization and soxhlet 
(reflux) extractor since the estimation of the amounts of bioactive compounds from plant 
sources using homogenization with distilled water for an instance yields the lowest TPC 
extract from Cosmos caudatus (Huda-Faujan et al., 2007). 
  
